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for f~~~x< g

= 
- ~f+~~~2x) + ln 4(x~~)~g x )  

~ 
(1.2)

and for g~~~x~~~L

u G I fx-f’\ x-f
= 

~~i
’- ~~~~~~~~~~~~ In— .

1.3 Triangular S” (x) distribution - decreasing with x
For this case

f~~~x~~~g S”(x) = -

Again, inserting these values of S”(x) and S” (
~

) into equation (2)
and integrating leads to the following expressions:

For o~~~x~~~f

=

for f~~~x~~~g
(1.3)

U 
- G f f+g -2x 

+ 
(gx ’\ 1 (Pr)2

U - 
4~ ~ g-f ~ F T)  ~ 4(x-f) (g-x)

and for g~~~x~~~L

=

II. Represen tation of body components
The method of employing the S”(x) distributions will now be described.

11.1 Nose (figure 8(a))

For all noses we asswne that the nose length is L
N 
and that the

body radius is r0 at x = L~.

11.1.1 Conical nose

For this case

r = r0 L N 

—~-- -~~~~~~-- -~~~----——-.-—- - —- - ~~~~--
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(a) Nose
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• (b) Boattail or flare

_ _

_
_ _

~~~~~~~~~~~~~~~~~~~~~~

r2

_ x

(c) Parallel section - boattail fairing

Figure 8. Body component parts
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6 and ‘2fr x \
S (x) =~~~~~° T)

from which

• S”(x) = 2ir
( 

r
~~)2 .

Thus , a conical nose is represented by equation (1.1) with
f = o )g = L ~~and

~r \2G = 2 ~~~ —2-)

11.1.2 Curve nose

We consider a curved nose which runs tangentially into the
next section of the body which is assumed to be cylindric al,
and assume that, in the context of this paper, all such nos es
can be represented approximately by the equation

(r ’\2 x ( x\ 2  ( ~~~~\3

~~~~) ~~~~~+a~~;) 
+ b

~~r)

the form of which ensures a linear S”(x) distribution.
The boundary conditions

r 2x = L , .~ = 1, d r  
-N

enable a and b to be evaluated and lead to the nose profile

(r)2 = LN [ ‘~t 
- (x)2

] 
. (1.4)

This profile is shown plotted in figure 9. Also shown for
comparison are the nose shapes of several missile bodies
examined in Section 4. It is seen that the profile is a
close representation of only one body nose (that of body no. 1)
and it is a fatter profile than a tangent ogive. Furthermore,
the profile is blunt-nosed, and thus slender body theory cannot
be expected to hold near x = o. Hence, at firs t glance the
cho sen nose profile is not a close approxima tion to many prac-
tical nose shapes. However, this discrepancy leads to very
small errors in boundary layer development because the pressure
gradient is strongly favourable, and the approx imation is
adequate.

Equation (1.4) leads to an S”(x) distribution given by

S”(x) 2w(.j~~) 
2 

- 6~ (!
~..)2 .ç

~~~ L_~ _ --—~ -~~- -- -  — —- —
-—-~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~

— -—~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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0.8~

No

0.6

L r //,.~/I,.,. /
z .7 ‘ .________ Nose profile given by
/4 I equation (1.4)

0.4 / Nose profile for body 1

// / / — - —  Nose profile for body 2

• — —— Nose prof ile for bodies
El 3 & 40.2 .fi / ,’ —— Nose profile for bodies S

and 6 (tangent ogives)
• Nose profile for body 7

V0 I I I

0 0.2 0.4 0.6 0.8 1.0x/LN

Figure 9. Comparison between nose profiles of bodies 1 to 7
and profile produced by chosen S”(x) distribution

This can be represented by the addition of two panels, namely
one having constant S”(x) distribution (equation (1.1)) with

G = 
~~.(r o) 

2 
, and one having a triangular S(x) distribution -

increasing with x (equation (1.2)), with C =

Alternatively, the representation can be by two different
panels, namely one having constant S”(x) dis~tribution
(equation (1.1)), with

G = - 6~(~~~)~~~,

— 

and one having a triangular S”(x) distribution - decreasing
with x (equation (1.3)), with

-~ ~~- ~~~••~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -
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G = 
(r 0)2

Equations (1.1), (1.2) and (1.3) are evaluated in this case with
f= Oand g = L .1~.

11.2 Boattail or flare (figure 8(b) )
The boattail or flare is defined such that at a distance L1 from the

nose the radius is ri and at distance L2 the radius is r2. Therefore,
at any intermediate distance x the radius is given by

r = r2 + (ri -r2 ) ( 
~~ 

• (1.5).

The area distribution S(x) can readily be found and thence S”(x), given
by

S”(x) = 2ir 
(

~~~~:~ 2) 
2

which is seen to be the same irrespective of whether a boattail or
flare is being considered, and is independent of x. Hence, the
contribution it produces to the perturbation velocity is given by

— equation (1.1), with f = L1, g L2 and

____

11.3 Parallel portion - boattail fairing (figure 8(c))

For the majority of missile body configurations a boattail is
preceded by a parallel section and the junction between the two regions
can be in the form of either a sharp kink or a smooth fairing. Since
the boundary layer starts to grow very rapidly downstream of this
junction it is desirable to obtain a fairly close approximation to the
velocity distribution here, and hence some attempt should be made to
represent the fairing by an appropriate S”(x) distribution.

The fairing of length (Li - Li) is shown in figure 8(c). It is
tangential to the parallel section at (L3 1r3) and to the boattail at
(Li ,r~). To ensure a linear S”(x) distribution we assume that the
radius squared can be represented by the cubic equation

r2 
= a + b (x-L3) + c (x-b)2 + d (x-Li)3 , -• 

-

• in which the constants a, b; c and d are found by satisfying the boun-
dary conditions

- d r 2
x = L 3 ,  r = r3 and~~~— = 0 ,

x =L i , r = rz and~~~ = J ,

- - --.• —--fl - —- -— ~——• ,_ -~~~~~~~~~ -m —.- - - -
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where .1 is the value of ~~~
2 

derived from equation (1.5) when x Li ,
namely

— 
( r~—r2• J - _2 r1 t
~~Li_Ll 

.

Application of the boundary conditions leads to the following values
for the constants:

a r~
2

b = 0,

- 1 1 
~ + 

3( r32 -r12\  •) -i
(Li-Li) 

~ ~ La -La ) J

— 1 1 2( r32 —r12d (Li -L3)2 
~ 

~~ + 
~~ L1 -L3

S” (x) can now be evaluated as

• S” (x) = 2~r [ c + 3 d (x-L3) ]
which can be represented by the addition of two panels, namely one

• having a constant S”(x) distribution (equation (1.1)) with

G = 2 r c ,

and one having a triangular S”(x) distribution - increasing with x
(equation (1.2)), with

G = 6~~d (Ll -L3)

Alternatively, the representation can be by two different panels, one
having constant S”(x) distribution (equation (1.1)) with

G = 2a I c + 3 d (L1 -L3) I

and the other having a triangular S”(x) distribution - decreasing with~
x (equation (1.3)), with

G - ~~ d (L3 -L3) -

Equations (1.1), (1.2) and (1.3) are evaluated with f = Li and g = L1.
The example dealing with body no. 1 illustrates that the representation
of the fairing by the cubic in r2 is quite accurate.

— - --—--- —------ _‘__ - •.__ .~~~~- •--_---- ---~---- --- -  — — -——-~~~ — ---— 
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